Abstract. Telomerase, a fundamental marker of neoplastic transformation, is widely expressed in both premalignant intraepithelial lesions and in most malignant lesions of the uterine cervix. We determined telomerase activity (TA) in uterine cervix by Repeat Amplification Protocol (TRAP) in a series of 62 cases, 44 with benign diseases (inflammation and/or metaplasia and/or acanthosis) and 18 with cervical intraepithelial neoplasia (CIN). No significant differences in TA were observed between benign lesions (median AEU value 36, range 0-119) and CIN (median AEU value 30, range 0-65). Conversely, TA was significantly higher in subjects who showed CIN evolution (65 range 45-119) than in disease-free individuals (34 range 0-95, ρ = 0.017) and in 1 patient with a CIN2 lesion who relapsed after 5 years. Our results suggest that TA of the uterine cervix is capable of predicting CIN evolution or relapse, thus indicating its potential usefulness as a prognostic marker in clinical surveillance programs.
Introduction
The diagnosis of cervical dysplasia and carcinoma is based on the objective assessment of well-defined microscopic features and on the more subjective evaluation of often subtle parameters [2] . However, morphologic evaluation by routine microscopy is not capable of discriminating between cervical lesions that will recur and those that will not (Figs. 1, 2 ). Telomerase, a fundamental marker of neoplastic transformation, is widely expressed in both preneoplastic intraepithelial lesions and in the majority of malignant lesions of the uterine cervix and is therefore a potential * Corresponding author: Sara Bravaccini candidate for this purpose [7] . Although the diagnostic role of TA has been extensively investigated in several tumor types including cervical cancer [1, 5, 8, 9] , its predictive relevance has yet to be defined. In the present study, we retrospectively analyzed TA during different phases of epithelial transformation in the uterine cervix in a preliminary series of patients with benign disease or CIN.
Materials and methods
Cervical scrapings were collected from a consecutive series of 62 women presenting for cervical screening. A part of the material was sent to the Pathology Laboratory for cytologic evaluation and the remainder was placed in test tubes containing phosphate buffered saline (PBS) and sent to the Molecular Laboratory for 
TRAP
We used the method previously described [3, 10] , opportunely modified [6] . Specifically, telomerase products were evaluated on fluorescent electropherograms and the area underlying the different peaks was calculated. An internal telomerase assay standard (ITAS; 25 attograms) amplified by the same 2 primers used for telomerase activity (TA) determination was included in the TRAP buffer to obtain a semi-quantitative evaluation. Protein concentrations corresponding to 10, 30, 100, 300, 1000 and 3000 cells from a human bladder cancer cell line (MCR) were analyzed in each assay and used as the reference curve. The areas of each sample were also normalized to the 150-base pair ITAS peak to obtain quantitative TA evaluations. The relative TA per cell for each sample was expressed as the percentage of the ratio of TRAP ladder/ ITAS per cell vs. the value of MCR and expressed in arbitrary enzymatic units (AEUs). The TRAP assay was carried out on the entire case series (feasibility 100%). All determinations were performed blindly in duplicate and, when variations were >15% (observed in about 10% of cases), a third sample was analyzed. TA was expressed as a continuous variable in all analyses. To analyze the relation between TRAP activity and clinical outcome, patients were subdivided into two groups (disease-free for at least 5 years and disease evolution within 5 years of diagnosis) and a nonparametric ranking statistic (median test) was used.
Accuracy of the TRAP assay, considered as a continuous variable, was evaluated by receiver operating characteristic (ROC) curve analysis. Logistic regression was used to analyze the relative risks (RR) and 95% confidence intervals for patient status and TRAP assay as continuous variables.
All analyses were performed using the SAS Statistical software (version 9.1, SAS Institute, Cary, NC) and statistical significance for all tests was taken as ρ < 0.05.
Results
Telomerase activity of the uterine cervix did not significantly differ as a function of patient age. In fact, TA was 38 (0-119) in women <35 years, 31 (12-95) for the 36-45 decade, and 35 (0-76) for the 46-55 decade. A higher, albeit not significantly different value (56; 11-84) was observed in the 6 women >56 years of age. Similarly, TA of the uterine cervix did not vary significantly between benign lesions and CIN. In particular, median TA was 35 AEU for patients with inflammation and/or metaplasia and or acanthosis, 29 AEU for CIN1, 36 AEU for CIN2 and 27.5 AEU for CIN3 (Table 1) .
Conversely, analysis in relation to clinical outcome showed an almost twofold significant increase (ρ = 0.007) in the median AEU value (57 AEU) of TA in the 6 patients whose disease evolved compared to the AEU median value of 31 in disease-free individuals. Of the 6 patients who relapsed, 5 had initial inflammation with acanthosis and/or metaplasia and 1 had a CIN2 lesion. In particular, median TA was 65 AEU (45-119) in patients who presented CIN evolution, 34 AEU (0-95) in patients with benign lesions who remained disease-free, 47 AEU in the only CIN2 patient who relapsed and 36 AEU in those with non-recurring CIN2. Any correlation between TA and recurrence was independent of having performed conization treatment (data not shown).
The area under the curve (AUC) for TRAP assay was 0.84 (95% CI 0.72-0.95) (Fig. 3) . Logistic regression showed an unadjusted RR of 1.05 (95% CI 1.01-1.09, ρ = 0.012), indicating that for a one-unit increase in TRAP we would expect to see a 5% increase in the odds of being a patient with disease evolution. 100% sensitivity and 71.5% specificity were obtained at a cut-off of 45 AEU.
Discussion
The accurate identification of individuals with benign cervical lesions who are at risk of developing dysplastic lesions or of patients whose dysplastic lesions are destined to recur would greatly facilitate patient monitoring. In the present study we highlighted the ability of TA to identify patients with CIN evolution or recurrence. Telomerase would, in fact, appear to be able to identify patients with benign disease, inflammation and/or metaplasia and/or acanthosis who will relapse with CIN within 5 years. These data suggest that telomerase activity may have a predictive role in the evolution or recurrence of disease and could thus be used in a clinical setting as a marker of high risk of relapse. The relationship between TA and recurrence was independent of having performed or not conisation treatment (data not shown). Prognostic relevance was not observed when telomerase was determined by an immunohistochemical approach [1] . A number of hypotheses can be put forward to explain the presence of hTERT protein in cells with no telomerase reactivation, the most likely being the existence of post-transcriptional and post-translational modes of telomerase regulation, e.g. reversible hTERT protein phosphorylation, the influence of inhibitory factors that can block hTERT protein functions. or the existence of inactive splice variants [1] .
Evaluation of a larger case series is ongoing to confirm these results. We are also conducting a study aimed at analyzing the correlation between HPV status and TA activity and at defining the prognostic relevance of TA in patients with HPV positive or negative status.
